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THE PHILOSOPHY OF PHYSICS 
 - By Dr. W. V. HOUSTON 
CALIFORNIA INSTITUTE OF TECHNOLOGY 
7 IN appearing here to speak on the philosophy of in the concepts with which physics deals have almost 
our <ysics I am in a rather dangerous position. Those of forced some consideration by physicists of problems 


byyouU Who are philosophers will want to know by what 
ight I speak on such a subject without having mas- 
red the classical philosophies and without knowing 
he various traditional answers which have been given 
fo the problems I shall diseuss. On the other hand, 
Pphystcists will aeeuse me of having left the austere and 
Marrow path of physies to wander aimlessly, or at least 
nselessly, among the byways of philosophical verbiage. 
Hor most physicists have a traditional mistrust of phi- 
losophy. A definition of philosophy which usually 
| provokes much self-satisfied mirth among physicists is 
Mies follows: Philosophy is the systematic misuse of a 
Pife'™inology especially invented for the purpose. 

Yet in spite of this state of mind, the rapid changes 


s 1 An address delivered in a series on ‘‘ Outlooks in Phi- 
*sophy’’ at the California Institute of Technology. 


which were formerly regarded as belonging to the ex- 
clusive domain of philosophers. This consideration 
has been in the light of experimental results and be- 
cause of this fact may be of value to the philosophers 
themselves. Asa variation on the proverb that “Truth 
is stranger than fiction,” may I suggest that experiment 
reveals stranger things than man’s imagination has 
ever invented. Possibly some of the new results of 
experimental physics may reveal new aspects of old 
philosophical problems. Hence I propose to describe 
not so much any one unified philosophy of physics as 
a series of results of physics which I believe may have 
some bearing on philosophical problems. 

One of the problems which has occupied the minds 
of philosophers is concerned with the nature of exist- 
ence. Does there exist a material world, and can any- 
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thing be learned about it? On the whole physicists 
have taken a very naive view of such matters. To my 
mind it has been this fact, this naiveté of view-point, 
which has contributed much to the successful develop- 
ment of physics. 

When physics entered the experimental phase about 
the time of Galileo, troublesome questions of existence 
were ignored, and it was assumed, often without ade- 
quate consideration, to be sure, that there existed an 
outside material world which could be contacted 


through the senses. It was also assumed that these 


sense contacts could be reliably interpreted and that 
an observer could actually learn the nature of this out- 
side world through his observations. To the scholars 
of Galileo’s day this was not at all a self-evident propo- 
sition. It seems self-evident to some of us to-day be- 
cause we have been brought up that way, but three 
hundred years ago people were apparently much more 
impressed with the possibility that things are not what 
they seem than with the simpler problem of at least 
seeing what they seem to be. 

As is often the case with apparently simple state- 
ments, the simplicity becomes less obvious when the 
matter is considered more carefully. If one considers 
the statement that there exists an outside material 
world, the question arises, “what is it outside of?” Is 
it everything outside of the person who is speaking or 
is it outside of something else also? An active physi- 
cist rarely stopped or stops now to consider such a 
question. He is so busy observing things in this out- 
side world that he has no time to bother about its strict 
delimitation, although he probably realizes instinctively 
that there must be a division somewhere between him- 
self and this world which he is to observe. He is 
usually willing to admit that his hands and his feet 
belong to the outside world. He can apply to their 
movements the laws of mechanics, and he is willing to 
suppose that the physiological processes which go on 
in them ean be objectively described. When he has a 
sore throat or a headache he is willing to consider him- 
self as an onlooker observing these things. On the 
other hand, he certainly thinks of himself as something 
apart from these physiological phenomena, something 
in the nature of an observer who can watch the outside 
world go by. The naive view must also recognize the 
fact that there are other observers, and it assumes that 
they all see essentially the same things, and in fact can 
tell each other about them. 

Thus I think that, largely without a formal organiza- 
tion of their thoughts, most physicists regard the world 
as made up of two kinds of things: (a) Physicists and, 
if pressed, other persons or potential physicists will be 
included in this select group, and (b) the outside mate- 
rial world which can be studied and discovered. It is 
true, of course, that there are variations on this divi- 
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sistent will include all other persons in the group g 


_ this lack of sympathy was due to the probably subeq, 


‘are two kinds of things, observers and the materi 
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sion. There are those who in the attempt to be eq 


things called the outside world, and others pushing gjimm 
more firmly toward the apparently logical neces 
will want to include themselves also in this oyjjil 
world. I doubt, however, if these two latter grou 
are really motivated by the philosophy which they 4, 
fend. I have heard psychologists complain of lack ¢ 
sympathy from physicists in the attempt to apply 
methods of physics to psychology, and I suspect thy 


scious feeling that the psychologists were not prope) 
recognizing this division of the world into two kinds 
things and were getting themselves mixed up with ti 
part of the world they wished to study. 

Because of the simplicity of the physicist’s attitui 
the difficulties in his dualism were not at first troub) iil 
some. For instance, the question as to how a sensatia {ili 
got from the obviously material body of the observ 
to the obviously non-material observer himself’ was ny 
a troublesome question: every one could see that th 
sensation did get across the boundary line, and so why 
more was there to be said about it? Nevertheless; 
little consideration of this problem makes it very fw. 
midable. Although it may seem quite clear that ther 


world which is observed, a little consideration show 
that not only the nature of the boundary between tl 
two but even the location of this boundary is obseur 
As far as the results of physical science are concer 
it seems possible to put this boundary at almost ay 
desired point. The observer can with apparent coi 
sistency include any desired amount of this outsiiiil 
world in what he may wish to call merely extensiow 
of his senses. The part remaining beyond appears W/m 
follow the laws of physics in a perfectly satisfactoy 
manner, and there exists in the laws of physics ™ 
reason for assuming the boundary to be one plat 
rather than another. 

Consider, for example, that I wish to observe thi 
desk. I am on one end and the desk is on the oth 
end of a chain of interactions. Where shall I dr 
the line between myself and the thing observed? | 
the first place, I can draw the line at the surface of tlt 
desk and say that the scattering of light from the sw 
face constitutes the act of observing the desk. I «i 
say that the source of light, the light itself, and all tl’ 
mechanism necessary for the perception of the light 
part of me, is an extension of my sense organs. °! 
the other hand, I could also say that what I real] 
observe is the light which strikes the retina of my ¢y' 
that this is the point at which the observation reall} 
takes place, and that here must be drawn the li! 
dividing the observed things from myself. But I ¢# 
go still farther and say that the action of the ligii 
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the retina is & purely physical process which can be 
-cribed by known laws and that the dividing line 
st be placed at a point at which the nerve impulse 
ches the brain. The fact that none of these places 
B. ns satisfactory might suggest that there should be 
B® jividing line at all, except for the uncomplicate 
ling that there must be made some such division. 
, the other hand, no one of these interactions shows 
Dy characteristics which distinguish it from the others 
long as only the classical physics is used, but one of 
e contributions which has come from the interpreta- 
Sof the modern quantum mechanics is the recogni- 

on of the fact that, although the interaction which 


m ay be selected as the dividing line between observer 
Bhd object is entirely arbitrary and may be put at any 
‘tude mmmesived point, it is nevertheless necessary to put such a 
oubkiqmmmviding line at some point and to treat the interaction 
Satine this point in a unique fashion. To make clear the 
sergfameture of this difference may I outline briefly the 
2s uigmmetnod used in the quantum mechanical description of 


Me behavior of an isolated part of the world. 

© According to the present theory, the state of a 
echanical system is described or represented by a 
athematical symbol which I shall call the wave func- 
on. This symbol earries all the information which 
sn be known about the system in the particular state 
h which it is. This symbol changes with the time in 
cordance with a differential equation, known as the 
hroedinger equation, in a perfectly definite way. If 
he state of the system is known at one time it ean be 
ayggmpredicted for any future time by means of this equa- 
cnfmmon. In case the system is composed of two or more 
tsidigmmparts, the interactions and mutual influences of these 
arts are entirely described by this equation. But now 
muppose | want to examine the system. Suppose I 
mant to see if everything is going on according to the 
erules, and for this purpose I want to make a measure- 
ment of some quantity which pertains to the system. 
as soon as I touch the system with a measuring instru- 
ment, as soon as I make any kind of contact with it 
puiliciently vigorous to learn anything about it, the 
ymbolic wave function explodes in my face. The 
hageteraction between the system and myself in the form 
tvge 8 measuring instrument can not be made gentle 
- phough to leave the system undisturbed and at the same 
pe strong enough to give me some information; and 
Bhis interaction can not be described by the same 
Pchroedinger equation which described the behavior 
pf the system as long as I did not touch it. The inter- 
ction with the observing instrument is subject only 
p the restriction of Heisenberg’s principle of indeter- 
nation, which merely states that if the interaction 
mS strong enough to do any good in the way of really 
ufeetking a measurement, it is so strong that the sym- 
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bolic wave function which previously described the 
state of the system is no longer of any use. 

On the other hand, if an observation of the right 
kind is made, it results in a knowledge of the state of 
the system after the measurement and the possibility 
of assigning to it the proper symbolic wave function. 
This state will then develop again in the manner pre- 
scribed by the equation of motion until another ob- 
server interferes with the orderly process. Thus there 
is a distinct difference in the treatment accorded inter- 
actions which take place within an isolated system 
itself and those which take place with the observer or 
the observer’s extended senses in the form of measur- 
ing instruments, and it is just possible that this differ- 
ence in treatment may be of significance beyond the 
regions in which it has thus far been applied. 

One of the subjects often discussed in connection 
with the implications of physies is the problem of 
causality. One hears frequent statements about the 
principle of causality, the law of causality and more 
recently about the disappearance of causality from the 
world of science. The principal difficulty with this 
subject seems to be to find out what one is really talk- 
ing about. It seems to be possible to make up a state- 
ment of causality which is true, i.e., is in accordance 
with the observations, but which does not seem to be of 
much importance. It is also probably possible to make 
up a statement which seems to be of importance, but 
which is probably not true. But it is easiest of all to 
make a statement which sounds well but has no precise 
content whatever. Most of the few statements of 
causality which I have read belong to the latter class. 

Apparently one of the essential elements of causality 
is that events shall have some connection in time, that 
the occurrence of a certain event now is necessarily 
followed by a certain other event at some later time. 
I do not mean that this is all that causality implies, but 
this seems to be at least one thing. However, it seems 
to me that the existence of some kind of a relationship 
of this nature is essential to the existence of a science, 
for the essential element of a science is that the known 
facts shall be classified. No body of facts, no matter 
how large or how well authenticated, can properly be 
called a science until these facts are brought under a 
suitable system. This system must certainly involve 
relations in time as well as in other ways, and so a 
kind of causality must be imposed if it is not already 
obvious, in order that there can be a science. Many 


of those subjects of study which aspire to be called 
sciences but which are not yet properly such, lack just 
this essential element. When a historian can read the 
papers to-day and tell what will happen to-morrow, 
then history will be a science, and no one will question 
the application of the term. 
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As I have already indicated, this causality, this 
uniform development in time, has been assigned in 
quantum mechanics to the symbolic wave function 


which describes the state of that part of the outside © 


world under consideration. This symbolic wave func- — 


tion and its law of change carry within themselves @ods of quantum mechanics may provide a point of, 


the usual conservation laws, such as the conservation 
of energy, the conservation of momentum and the con- 
servation of angular momentum. On these conserva- 
tion laws rests the usual idea of determinism. The 
symbolic wave function does not carry, however, a 
detailed space-time description of the motions of the 
particles of which the mechanical system is composed. 
This wave function is quite an abstract thing. It ean 
not be observed directly, and its connection with obser- 
vations to be made on the system is, in general, only 
statistical. Thus it is true that the present mechanics 
does not permit an exact prediction of the result of a 
measurement to be performed to-morrow. It permits 
only statistical or probability predictions to be made in 
most cases. 

Does this mean that there is no causality in physics? 
This still depends entirely upon what you mean by 
causality, upon what you want causality to do for you. 
To many persons the term causality is associated with 
the ideas of determinism’ and free-will, and the sig- 
nificance to be attached to the problem is because of 
its connection with ideas of moral responsibility. 

At the time of the rapid development of Newtonian 
mechanies and its phenomenal success in deseribing and 
predicting the motions of the members of the solar 
system, there grew up the belief that all problems were 
to be solved by such essentially mechanical means. In 
particular it was concluded that our conscious mental 
processes were to be determined and described in terms 
of motions of atoms in our brains. Although this con- 
clusion is clearly at variance with the simple dualism 
in terms of which physicists normally think, there were 
many persons who believed it to be a direct conse- 
quence of the thinking of physicists. The discovery 
of the statistical element in the predictions of quantum 
mechanics was seized upon by some as a means of 
escape from these unpleasant conclusions. It was sug- 
gested that although natural laws operate in all phe- 
nomena, they are not to be regarded as determinative, 
but merely as restrictive. Inside the range permitted 
by the statistical laws, free-will might be supposed to 
act. 

In spite of this suggestion, I think it is now agreed 
by most physicists who have considered the matter 
that the conclusions from Newtonian mechanics to a 
materialistic determinism in phenomena of conscious- 
ness as well as the conclusion from quantum mechanics 
to a possible freedom of will are entirely without any 
justification in physics. In reaching such conclusions 
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the naiveté of the physicist has over-reached its¢|t 
has produced a very superficial answer to a Do 
understood problem. 

Nevertheless, there has grown up under the inflys 
of Bohr a recognition that certain aspects of the ms 


useful in problems of this kind. As I have already; 
dicated, the machinery of quantum mechanics proj 
for certain conservation laws, but does not at the » 
time provide a detailed space-time description of eva 
There are in the problems of atomic physics two » 
plementary but mutually exclusive aspects, both 
which are necessary to a complete description of; 
phenomena, but neither of which is adequate by iwi 
For instance, an electron is found to behave under » 
tain circumstances as a wave, and under other city 
stances to appear to have a clearly localized posi 
as if it were a small particle. The achievement of{ 
theory is in renouncing any attempt to describe ong 
these aspects in terms of the other or to establish qi 
detailed connection between them, and in the reg 
nition of this complementarity as fundamental. (am 
tainly waves and particles are not the same thing; 
fact, they are mutually exclusive things, and the rei 
nition that in spite of this an electron has proper 
of both kinds is a real change in modes of thinkigiy 
In some such way one might imagine that problemi 
consciousness may have two complementary asp: 
One of these aspects might suitably be describei 
such words as freedom of choice, while the other mim 
be described in terms of physical or chemical reactiuiji 
The progress in understanding would come with i j 
recognition that one of these descriptions does mm 
exclude the other, but that they represent entirely iim 
ferent aspects of the problem. This rather surprisiy 
point of view which has been forced upon us by am 
results of actual experience may be one of the mj 
contributions which physies has to make to philoso 
May I now turn to another point. During the pm 
fifty years much of the attention of physicists has mm 
devoted to the structure of matter. Some twenty 
hundred years ago the philosophy of atomism was (It 
in favor, and it is now in favor again. The idea i 
all matter is made up of a few kinds of atoms was 
parently recommended to the ancients as a method a 
getting some order into an apparently chaotic univ 
Certainly until recently there was no more immeiitl 
reason for such a belief. 3 
The essential idea of atomism is that the prope 
of matter can be explained in terme of relationsiiiy 
between elementary atoms. If this is to be done 9% 
factorily the atoms themselves must have very 
and very simple properties, and it must be their 
binations in various ways which produce the ™ 
variety of phenomena which are observed. Wher ™ 
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Moms of the chemical elements were discovered well 
er a century ago they were moderately satisfactory 
B inis respect. There were only a few varieties of 
m and their principal properties were a definite 
pight and a definite combining power. However, 
fi; simplicity did not last long. It became necessary 
ascribe to the atoms themselves all sorts of special 
operties, and the study of atomic physies has led 
© ihe conception of a chemical atom as a very complex 
rmamic system. Nevertheless, the search for and the 
sJief in ultimate indivisible atoms has gone on. At 
Mie present time there is again a small number of 
Mlatively simple atoms which one might call funda- 
‘giiiimental or ultimate. These are the positive and nega- 
ve electrons, the proton, the neutron and possibly the 
sutrino. These are relatively simple. They each 
Mave a characteristic mass, a characteristic electric 
Bharge, and they each act on other particles with char- 
Mcteristic forees. In addition each of them appears to 
Mave a spin and a magnetic moment. Out of these 
Masic atoms can be built, it is believed, all the varied 
mand complex material world with which we are 
Bequainted. 
© In so far as this ean be done the picture is satisfac- 
ory. It looks as though the goal of the ancient 
Mtowists has been closely approached and ‘statements 
Mave been heard to the effect that physics is finished, 
Mbat there is nothing more left to do. 

Usually when one is discussing indivisible atoms 


’ migimmhere comes along a cheerful soul who wants to know 
ctinithe structure of these ultimate atoms. He wants ‘to 
th now how big an electron is and what a proton is 
5 : nade of. The very asking of such a question is a 


Se cnial of the fundamental nature of the particle in 
muestion. If a proton is really'a fundamental atom 
there can not be anything smaller of which it can be 
made; there can not be any units in terms of which 
ts size can be measured. As soon as it becomes neces- 
sary or desirable to talk about the structure of these 
fultimate particles their usefulness as ultimate particles 
is gone. It remains yet to be seen, of course, and will 
ways remain to be seen experimentally, whether we 
shall have to have sub-electrons or sub-protons to 
explain how the electrons and protons work. Consid- 
pctable effort has already been expended on the problem 
of the existence of an electrical charge smaller than 
pthat of an electron, but no such has been found. One 
tan say that with the present experimental techniques 
an electron must always be taken whole. 
| However, the thing which I believe is of some gen- 
p ral interest is that theoretical physics has developed 
;methods for handling this kind of a situation. There 
have been adopted mathematical symbols and rules for 
interpreting them which deseribe the behavior of elec- 
} ‘tons and the other basie atoms in use. Within the 
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framework of these rules there is at present no place 
for questions as to the structure of the particles in- 
volved. To the question how many electrons are there 
in this certain region the answer will always be one or 
two or three or some other integer. The theory is so 
built that the answer 1.5 can never be given. This is 
to my mind a real advance in the method of dealing 
with atoms. Whether it remains satisfactory can only 
be determined in the future, but the fact that it seems 
useful in a wide variety of fields suggests that possibly 
a limit is being approached in the process of sub- 
dividing matter, and that further subdivision may be 
unnecessary. 

Thus far I have been discussing the results of physics 
which may have some bearing on philosophical prob- 
lems. This should not be taken to imply that philoso- 
phers have ignored the results of physics. Such an 
implication would be far from the truth. As I have 
already stated, the remarkable successes of the mechan- 
ics of Newton were so impressive that various mecha- 
nistic philosophies were based on them. In this 
development the experimental physicists apparently 
played a secondary role. They seemed content to make 
their discoveries in the slow and laborious manner in 
which such discoveries must be made and to leave the 
generalizations to others. But the philosophers whose 
business it was to take a large scale view of things 
eagerly seized upon the laws of Newtonian mechanics 
as the long-sought-for ultimate and eternal truth. 
Upon the assumption that it would be possible in the 
future to discover suitable mechanical laws governing 
all phenomena, and with this assumption bolstered up 
by the successes of Newtonian mechanics, the advocates 
of materialistic and mechanistic philosophies wrote 
weighty tomes expounding their views. There devel- 
oped at the same time, however, exponents of idealism 
or subjectivism who eagerly joined battle. J think that 
the apparently endless debates between opposing 
schools of philosophers have had much to do with the 
development of that distrust which most experimental 
scientists seem to feel for philosophy. 

Curiously enough, this distrust of philosophy led in 
the latter part of the nineteenth century to another 
philosophy. It has been called a philosophy to end all 
philosophies, and it is designated by its proponents as 
the only true scientific view of the world. Although it 
has numerous opponents, it is more or less the official 
philosophy of physies to-day. 

This philosophy designates as meaningless many of 
the questions ordinarily considered by philosophers. 
Only those problems are credited with significance 
which can be answered in terms of experiments or 
observations. This point of view has been called 
positivism. 

The central feature of positivism is its insistence 
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upon empirical or experimental data as the only object 
of scientific study and its emphasis upon the descrip- 
tive feature of scientific theories. According to «a 
positivist the object of a scientific theory is to classify 
and describe quantitatively and precisely the sensations 
which we experience. The use of the term “explain” in 
this connection is undesirable, because it carries with 
it connotations of some real world in terms of which the 
explanation is to be made and in terms of which things 
can be understood. 


An extreme positivist tends to be a subjectivist. He © 


denies the existence of a material world and will admit 
the reality only of sensations which it is his task to 
classify and describe. A more reasonable positivist 
says that the question as to the existence of an outside 
world has no meaning. It is impossible to give any 
satisfactory definition of the term existence except as a 
symbol by means of which experiences can be classi- 
fied. A working physicist says, “I don’t care whether 
there is an external world or not. It appears as though 
there were one and I can get results by assuming its 
existence.” 

The position of a positivist is a very strong one. 
He formulates the rules of the game so that any ques- 
tion which he can not answer can be declared to be 
meaningless. His point of view permits him to formu- 
late satisfactorily such apparently irrational concepts 
as those of the theory of relativity and the quantum 
theory without talking so much about revolutions in 
physies as do the exponents of other philosophical 
systems. For these revolutions have not really been in 
physics but in the philosophies based on the physies. 
They have not disturbed the physicists so much as the 
philosophers. It is sometimes said that Einstein has 
superseded Newton and that the theory of relativity 
has eliminated Newtonian mechanics. If this were 
true our students might well demand their money back, 
for our hard-boiled faculty insists that they grind 
their noses on Newtonian mechanics for many long 
years. Furthermore, very few designers of machinery 
find it necessary to use Einstein’s mechanics in writing 
their specifications. To a positivist this is all as it 
should be. The Newtonian mechanics was a means of 
classifying a certain set, and a very large set, of 
experiences. But when the Michelson-Morley experi- 
ment was performed, when the unexpected precession 
of the orbit of Mercury was established, when the bend- 
ing of light around the sun was observed, it became 
necessary to adopt some wider, some more general 
scheme of classification which would include these 
additional facts as well. This was of course a revolu- 
tion to those who had extrapolated Newtonian mechan- 
ies to cover all phenomena, but it was no revolution 
to a physicist and it would not perturb a positivist. 

It is possible to illustrate the difficulties which a 
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philosophy based on the existence of a real mate: 
world may have with the theory of relativity. Ag, | 
ing to this theory, which, it must be remembered im 
merely an abstract statement of observed experingilm 
facts, the length of an object depends upon its mot : 
relative to the physicist who measures it. When yl 
sured by different observers moving relative to it yim 
different velocities it appears to have different lengi 
What, then, is the true length of the object? im 
theory of relativity and the positivist philosopher gil 
it has no true length. One measurement is as goojy 
another for determining the length, and the busingimm 
of the theory is to state the connection between jm 
different observations. The exponent of a real mim 
rial world which is being discovered by means of (i 
measurement will find himself in a difficult positi 
He can, it is true, say that length is not a fundameyfil 
attribute of objects in the real world but is a secondiyf 
quality such as color. When he does this, howew:ji 
the suspicion keeps creeping in that it may be impall 
sible to discover any attributes of the real world whdiy 
are satisfactory in this sense. 
In quantum mechanics the situation is even wow 
The experiments on light have shown that at tingiil 
light behaves as though it were a train of waves, wily 
at other times it acts as a stream of corpuscles. Tim 
positivist is not displeased with this. He merely pr 
ceeds to build up a system of classification and if 
scription which will include all the observations, aul 
after having built up such a system he is happy. Sim 
only further objective is to build a system of descrip 
tion which will include as many phenomena as possiliam 
ultimately to include all phenomena. He would thagy 
have a complete philosophy. A philosopher of anoilefy 
persuasion, however, will want to know something ¢ 
the nature of the reality behind this apparent paradigm 
and this desire will put him in a bad predicament, in 
waves and corpuscles are essentially different thusgy 
They have in fact mutually exclusive properties au 
as far as I know no one has yet been able to formulit™ 
an adequate picture of a reality to be behind thom 
sensations. 
_ As I have said, positivism is logically a very stro 
position. As far as I know, it is the only posit 
completely tenable in the face of the experimental fai 
of relativity and quantum mechanics. Yet it is uh 
without difficulties and has its strong opponents. lt 
the first place, there is the usual diffieulty with im 
position that all truth is sensation or experience. fu 
different persons have different experiences and 
two see alike. In order, then, to avoid a complet 
solipsism in which each philosopher is his own wi 
verse it is necessary to select in some way the expe"™ 
ence which is more or less common to a number “™ 
observers. As soon, however, as this is done the whi 
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Me ostion of the real difference between those sensations 
| which different persons can agree and those on 
hich they differ comes up and the problem is open 
Bain. So positivism seems to face the dangers of all 
phjective philosophies. 

Positivism has also been attacked as a philosophy 
resignation and defeat, as a refusal to admit the 
istence of problems for which no solution can im- 
ediately be seen. Fifty years ago the positivists 
snied the reality of atoms. Atoms, they said, are 
® nvenient means by which to describe the results of 
@)servation, but they are by their very nature such 
hat it will be impossible ever to isolate and observe 
ne. It has no sense to speak of their existence. Ex- 
Mecrience since then has not justified this position. 


Union Radio-Scientifique Internationale (ab- 
Spreviation URSI), as its name indicates, is an Inter- 
pational Union, founded in 1919 under the auspices 
mf the International Research Council, for world study 
ef radio science. It has sections in some twelve coun- 
Miries of the world and its Secretariat is at 54, Avenue 
es Arts, Brussels, Belgium. The Secretariat of the 
American Section is at the National Bureau of Stand- 
rds, Washington, D. C. It has two official languages, 
rench and English, loos its reports, papers and dis- 

© The URSI seeks to build up and to spread inter- 
tational knowledge of the scientific principles of radio 
meommunication and has held plenary meetings at two- 
br three-year intervals, the first in 1922, at Brussels, 
mend later in Washington, D. C., London, Brussels and 

»openhagen. 

It was soon recognized that radio communication is 
‘fected by certain changes in cosmic phenomena such 
ois (1) spots on the surface of the sun, (2) electric and 
siti Magnetic disturbances on the earth, as well as in the 
fac Mpper regions of our atmosphere. In order to bring 
is LMBUch cosmic changes promptly to the notice of radio 

. I mbservers in various parts of the world, the French 

h twiiovernment in 1928, at the suggestion of the late Gen- 

eral Ferrié, the founder and first president of the 

RSI, inaugurated a daily service of radio-cosmic 

Pulletins, broadeast from the Eiffel Tower Station in 

# ris, which bulletins came to be known as Ursigrams. 

These Ursigrams, emitted in international dot-dash 

7 ‘ignals, were expressed in cipher code groups contain- 
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Those who have made advances in physics have been 
those who took the atoms seriously, who went out and 
found methods by which individual atoms could really 
be observed, and if to-day a positivist still maintains 
that atoms and electrons are only useful fictions, he 
must admit that they are at least as useful and neces- 
sary as anything else whose reality he would affirm. 

Thus while positivism is a philosophy which a physi- 
cist can easily defend, I am inclined to believe that it 
is not the philosophy which really motivates him. I 
am inclined to believe that those most effectively active 
in physies to-day have the very naive view which I 
mentioned at the beginning. They tend to believe that 
there is a real world which can be discovered, and re 
propose to discover it. 


THE URSI PROGRAMS OF SHORT-WAVE 
STATION W1XAL 


By Dr. A. E. KENNELLY 
PROFESSOR EMERITUS OF HARVARD UNIVERSITY AND THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


ing radio. These messages, picked up in various coun- 
tries by radio observers, and recorded by them in 
cipher code, were decoded into the languages of the 
various countries. Since 1929 these Eiffel Tower 
Ursigrams have been repeated daily in broadeasts from 
the long-wave radio station at Lafayette near Bor- 
deaux and the shortwave station at Pontoise near 
Paris. 


In 1929 the American Section of the URSI, recog- - 


nizing the value of the Ursigram service in radio com- 
munication, enlisted the cooperation of a number of 
scientific institutions in America for the establishing 
of an American daily Ursigram service. These insti- 
tutions have been the U. S. Coast and Geodetic Survey, 
the National Bureau of Standards at Washington, 
Smithsonian Institution, Carnegie Institution, Mount 
Wilson Observatory, assisted by the United States 
Government departments of Army, Navy and Weather 
Bureau: 

Through the aid of Science Service at Washington, 


D. C., these institutions were enabled to collaborate ~ 


for the emission of a daily Ursigram in international 
dot-dash signals from the U. 8. Navy Station NAA 
at Arlington, Va., near Washington, D. C. Changes 
in the solar surface were reported from Mount Wilson 
Observatory; changes in the solar radiation intensity 
at the earth’s surface were reported by the Smith- 
sonian Institution; terrestrial magnetic observations 
by the Coast and Geodetic Survey; observations of 
aurora borealis in Alaska were supplied by the Car- 


ing data of solar and terrestrial surface changes affect- 
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negie Institution; measurements of reflecting-layer 
heights and critical frequencies in the ionosphere by 
' the National Bureau of Standards. 

Since August 1, 1930, these observations have been 
forwarded daily to Science Service, Washington, by 
the aid of U. 8. Army radio network. Science Service 
makes up a daily Ursigram in cipher code from the 
data received and forwards this to the U. 8. Navy De- 
partment for the evening broadcast by U. 8S. Navy 
Station NAA. Additional cosmic data for the Ursi- 
grams has been supplied by the Japanese Section of 
the URSI as well as from observers in the Philippine 
Islands. 

The American Ursigram from NAA, broadeast 
every day of the year, has been of distinct service to 
radio operators in various countries by furnishing 
them advance information as to cosmic disturbances 
likely to interfere with radio communication. Until 
this year, however, all these Ursigrams have been 
earried by dot-dash signals of international Morse 
code. They can, therefore, only be received by per- 
sons trained as radio operators. The number of such 
radio-trained operators in the various countries of we 
world is naturally limited. 

On February 1, 1937, short-wave station W1XAL at 
Boston, Mass., in liaison with Science Service at Wash- 
ington, opened a daily URSI program by radio tele- 
phone in plain English, thereby supplementing to a 
much larger available audience of world listeners the 
coded Ursigrams. 

W1XAL is a broadcasting station employing short- 
waves only. Its charter does not permit of broad- 

_ easting advertising or commercial information; its 
purpose being to disseminate cultural and educational 
information. It is supported by voluntary contribu- 
tions, at present aided by a Rockefeller Foundation 
grant. The station operates with a power not exceed- 
ing 20 kilowatts on any one of four frequencies (6.04- 
11.79-15.25— and 21.46 Me p.s., corresponding sever- 
ally to wave-lengths 49.6 m 25.4 m—19.6 m and 13.9 m). 
The radio telephone broadcasts from this station have 
been reported as successfully received in practically 
all parts of the civilized world. The purpose of 
W1XAL is not only to disseminate cultural and edu- 
cational information, but also to build and spread 
international understanding, cooperation, sympathy 
and good-will. 

W1XAL seeks to interest a much larger number of 
scientific students around the world in telephonic 
Ursigram information than can be reached in the regu- 
lar channels of dot-dash broadcasts through NAA. 
This change of vehicle from dot-dash signals to the 
spoken word introduces a new venture in scientific 
- broadeasting. To English-speaking listeners every- 
where the new W1XAL Ursigram broadcast should be 
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as readily understood as any telephonic news py, 


cast, but to listeners in the various non-English-syuj 4 


ing countries it is desirable that the English lang,, 


used be modified so as to be more readily undersiag I 


long and complicated words should, of course, be gj, 
inated and the vocabulary employed should be as sho 
and simple as may be practicable. 

The Orthological Institute at 10, King’s Pay 


Cambridge, England, has promulgated for 2 nunigiil 


of years a simplified form of the English languagy 


called “Basie English,” suitable for verbal and vritiy 


communications among elementary students of Engiijf 
in non-English-speaking countries.. Basie English o, 
tains less than 1,000 selected English key-words y 


that a non-English-speaking listener by learning (im 


meanings of these words is able to understand oy 
munications in English which would otherwise be \ 
yond his reach. 

Basie English is now being officially taught in var. 
ous European and Oriental countries as a seconday 
or international language, and more than fifty book 
have already been printed in Basic English for cary, 
ing this work into effect. It is generally admitted tly 
Basic English not only furnishes a direct avenue fe 
subsequent study of standard literary English, if i 
sired, but also enables scientific information to be ew 


veyed to a listener or reader with the minimum anouiiy 


of linguistic effort on the part of both speakers al 
listeners. It frequently happens that an Englis 
speaking reader opening for the first time a bu 
printed in Basic English does not notice anythiy 
unusual about the text except what might be attribute 
to the literary style of the author. 
therefore, that a good opportunity exists for increas 
ing the number of world students interested in cosmt 
science and radio by the use of simplified Engiit 
broadcasting at W1XAL. 

The daily Ursigram Service of W1XAL has alreaij 
been found suitable for swiftly conveying cosmic it 
formation, such as earthquakes and astronomiti 
events of international significance, to all parts of ti 


world. A few hours after W1XAL started its dail 
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Ursigram service (21: 55-22: 00 world time, or 


an unexpected comet was recorded at Harvard Colley 
Observatory, Cambridge, U. 8. A., on certain photog 
graphic plates of the northern sky. Dr. F. L. Wham 
ple, of the Harvard Observatory, repeating and cog 
paring similar plates on February 7, verified there 
the presence of a new small comet of the twelfth mai 


nitude, in the Hunting Dogs constellation (Cag 


Venatici). 
discovery at Cambridge Observatory the comet 


Within a couple of hours of its officid ; 


reported in the daily Ursigram of W1XAL for worl i 


wide distribution. This new comet on February » 


was at 35° 26’ North Declination and 13h 19m 
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ight Ascension. This comet then had a tail of about 
e degree in length and it was traveling east and 
th about one third of a degree daily. It is esti- 
nted that this new comet (the first to be announced 
, URSI radio) will be closest to the sun and earth 
, June 22, 1937, at which date it is believed it will 
ve attained the eighth or seventh magnitude, still 
5, faint for the unaided eye but visible through a 
Fall telescope. Through the URSI announcement 
is new comet will probably have been under obser- 
tion in many parts of the world and its discovery 
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ng (iPRINCIPAL ADDRESSES AT THE DENVER 
d com MEETING OF THE AMERICAN ASSO- 

be by CIATION FOR THE ADVANCE- 


MENT OF SCIENCE 


S On Wednesday evening, June 23, the Maiben lec- 
Biire of the American Association for the Advance- 
Bent of Science will be delivered in Denver, Colorado, 
by Professor Nevil V. Sidgwick, F.R.S., of Lincoln 
Bollege, Oxford, England. The association is particu- 
rly fortunate in securing this distinguished British 
ientist for one of its principal addresses. Dr. Sidg- 
Hick is not only eminent as a chemist but has rare 
i ersonal qualities and an extensive acquaintance with 
BAnerica and American science. An American chem- 
ust, referring to Dr. Sidgwick, xeeently wrote: 


He has frequently been in the United States, in fact, 
as been fond of spending his holidays in the Rocky 
Mountains. He attended the Pittsburgh meeting of the 
American Chemical Society last September and I believe 
she Tercentenary at Harvard University as well. 
| He is a kindly, lively and lovable gentleman who has 
meade many friends among the chemists of the United 
ptates. .. . He has reached the apex of his achievements 
luring the past ten years. ... 
Dr. Sidgwick was the non-resident lecturer in chemistry 
At Cornell University in 1931 and in May of that year 
Mclivered the Edgar Fahs Smith birthday address in the 
Bearrison Laboratory of the University of Pennsylvania, 
is subject at that time being ‘‘ Atomic Cohesion,’’... . 


It is interesting that Dr. Sidgwick “has been fond 
pf spending his holidays in the Rocky Mountains,” for 
he plans for the Denver meeting provide for a very 
Pitractive series of excursions into the magnificent 
de-lorado mountains, the lower slopes of which in June 

mere covered with flowers and the tops of which are 
white with snow. 

On Tuesday evening, June 22, Dr. Herbert M. 
Evans, professor of biology and director of the Insti- 
ute of Experimental Biology of the University of 
alifornia, will deliver his address as retiring presi- 
tent of the Paeifie Division of the association. The 
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just after W1XAL opened the Ursigram broadcasts 
is a good augury. 

The- W1XAL URSI-broadecasts are emitted every 
day on a frequency of 11.79 Me/sec. (wave-length 
25.4 m) at 21: 55-22: 00 GCT, or 16: 55-17: 00 East- 
ern Standard Time (EST). The weekly URSI sum- 
mary of cosmic events is being added every Monday, 
immediately after the daily URSI broadcast—.e., at 
22:00 GCT so that, although the regular daily broad- 
east lasts only five minutes, the weekly broadcast on 
Monday may last twenty minutes or more. 3 
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title of his address is, “The Development of Our 
Knowledge of Anterior Pituitary Function.” 

Dr. Evans was educated at the University of Cali- 
fornia, the Johns Hopkins University and Freiburg 
University, and he has been a member of the faculty 
of the Johns Hopkins University, as well as of the 
University of California. He has published many 
scientific papers and has been honored by membership 
in many scientific societies, including the National 
Academy of Sciences. 

On Thursday evening, June 24, Dr. A. E. Douglass, 
professor of astronomy and director of the Steward 
Observatory of the University of Arizona, will deliver 
the John Wesley Powell lecture of the Southwestern 
Division of the association. The subject of his ad- 
dress is “Tree-rings and Chronology.” 

Dr. Douglass was edueated at Trinity College, Con- 
necticut, and at Harvard University. In addition to 
his contributions to astronomy, he has been a leader in 
extending chronology, particularly as it pertains to 
climatic variations, backward over long periods of time 
by studies of tree-rings. By this method, he has thrown 
much light on the climatic conditions surrounding 
prehistoric Indians of the Southwest. 

It will be clear from these brief statements respect- 
ing the principal evening lectures at the Denver meet- 
ing that the association will present an unusually 
varied and interesting program, ranging from the 
fundamentals of chemistry to the remarkable fune- 
tions of the anterior part of the pituitary gland, and 
to chronology as revealed by tree-rings. Together the 
lectures touch on an extraordinarily wide range of 
rapidly developing science. 

F. R. Mouton, 
Permanent Secretary 


THE AMERICAN CHEMICAL SOCIETY 

At the North Carolina meeting of the American 
Chemical Society, President Edward R. Weidlein pre- 
sented the following statement prepared by Dr. Charles 
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L. Parsons, secretary and business manager of the 
society : 


The prosperity of the American Chemical Society and 
its usefulness to its members and to the country continues 
on an accelerating curve. The membership of the society 
is now slightly above 20,000, its goal as set for the end 
of the present year. Two thousand two hundred and 
eight new members have been added to the society from 
January 1 to date, making the total membership of the 
society 20,007. In spite of the increased number, 20 less 
members have resigned in 1937 to date than in the same 
period of 1936. Also the unpaid membership is 66 less 
than it was in the corresponding period of last year. 
Subscriptions to all the society’s journals have notably 
increased, especially to Industrial and Engineering Chem- 
istry. In the first three months of 1936 there had been 
an increase in subscribers to the industrial edition of 
Industrial and Engineering Chemistry of 942; in the first 
three months of 1937, there was an increase of 1,624 sub- 
seribers. The analytical edition had almost the same in- 
creases, but the news edition naturally increased more 
extensively, as it goes to all $9.00 paid members, whether 
they voluntarily otherwise subscribe or not. The sub- 
scriptions to the news edition as of April 1 was 21,617. 
There has been a good increase of advertising receipts, 
and an average increase of about 10 per cent. in the 
society ’s normal receipts from membership dues, subscrip- 
tions, sales of back numbers and miscellaneous. 

The expenses, however, have been increasing out of 
proportion with the increase in membership, owing to the 
social security taxes and increased cost of paper and labor. 
New contracts have had to be signed covering these costs, 
and it would appear that increased costs of taxes, paper 
and labor have only begun. Owing to the increased mem- 
bership, increased facilities of files, typewriters, safe and 
other equipment have become necessary, but it appears 
certain that the American Chemical Society again in 1937 
will surely balance its budget. This is partly due to 
the fact that nearly a year’s supply of paper was bought 
in advance, both for the society’s normal publications and 
for the Third Decennial Index, and is in storage in Easton. 

It is quite evident that in 1938 the society will have a 
larger percentage increase in its costs than it has to-day, 
or will have in 1937, owing to the advanced contracts, of 
which we have had immediate benefit. 

The secretary is pleased to report to the directors that 
he has received contributions from the industry to the 
Third Decennial Index to date of $115,840 partly paid in 
advance. The society is bound by the proposition sent 
to the industry to offer to return to it any excess over 
$100,000, and this will shortly be done. A list of con- 
tributors, with amounts of those giving $300 or more, will 
soon be published in the news edition. 


SYMPOSIUM ON THEORETICAL PHYSICS 
AT THE UNIVERSITY OF MICHIGAN 
THe Symposium on Theoretical Physies at the Uni- 
versity of Michigan, to be held between June 28 and 
August 20, will be devoted primarily to nuclear 
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VoL. 85, No, 09) 


physics. To date the following lectures haye ‘al 
arranged : 


Professor Enrico Fermi, Royal University of Rong 
‘*Theory of Beta Disintegration’’; ‘‘ Neutrino Theory g 
Light.’’ June 28 to July 17. 

Professor C. E. Uhlenbeck, University of Utreety: 
‘“Recent Problems in Statistical Mechanics with Appl 
cations to Nuclear Structure.’’ Throughout the Sessigy 

Professor James Franck, the Johns Hopkins. University 
‘‘The Physical Background of Photochemistry in gy, 
tions with Application to Photosynthesis.’’ During yy 


Professor L. H. Thomas, the Ohio State ‘University 
‘*Numerical Solution of Wave Equations’’; ‘‘The Nie 
mal State of the Nucleus of H*’’; ‘Collisions of Nq, 
trons with Deutrons.’’ July 23, 30 and August 6, 

Professor Kasimir Fajans, University of Michiga, 
‘Chemical Forces and Atomic Structure.’’ Three week 
beginning on July 26. 

Dr. F. N. D. Kurie, University of California: ‘Be, 
and Gamma Radiation.’’ June 28 to July 17. 


The fifty-inch cyclotron and a million-volt high » 
tential equipment which have been in active operatin 
during the past year will be available for resear 
during the summer. Those interested in this wor 
should write early for particulars. In addition, ty 
department offers numerous graduate courses and aly 
facilities for research in many lines of theoretical aul 
experimental physics. Holders of doctor’s degre 
may attend all sessions as guests of the university. 


THE FINNEY-HOWELL RESEARCH 
FOUNDATION 

A rounpDATION for the study of cancer is provide 
for in the will of the late Dr. George Walker, head «i 
the Out-patient Surgical Department of the Jobu 
Hopkins Hospital, who died from cancer on Mareh il 

The foundation is called the Finney-Howell le 
search Foundation, in honor of Dr. J. M. T. Finney 
emeritus professor of surgery at the Johns Hopkin 
University, and Dr. William H. Howell, emeritus prt 
fessor of physiology, both of whom are placed on th 
board of the foundation under the terms of the wil 

The primary object of the foundation is to provi 
a series of fellowships, each with an anaual stipenl 
of $2,000, for the study of cancer. Special grants mi 
be made to support the work being done by the fellovs 
It will not have a laboratory or institute of its ow 
The money is to be spent entirely in supporting tl 
work done by the fellows. 

The principal must be expended within ten yeals 
The fellowships will be annual appointments, but may 
be renewed for a period of three years. They are 0 
limited to this country, but can be awarded to workel 
in institutions in any part of the world. It is stated 
that the available fund at the disposal of the fount 
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on will amount to $300,000, so that it will be possible 
make awards of at least 15 fellowships each year for 
period of ten years. 

A meeting of the Board of Directors will be called 
on to formulate announcements in regard to ap- 
ications and awards and to make such regulations 
; may be thought necessary to initiate the work of the 
oundation. 

Members of the board of scientific directors are: Dr. 
Philip Bard, Dr. Curtis F, Burnam, Dr. John M. T. 
iney, Dr. William A. Fisher, Dr. Wade Hampton 
rost, Dr. William H. Howell and Dr. Warren Lewis, 
sf Baltimore; Dr. Evarts A. Graham, of St. Louis; 
Professor EB. L. Kenneway, of London; Dr. Jonathan 
' Meakins, of Montreal, and Dr. Florence Sabin, of 


tiga: York. The financial directors of the foundation 
Week Me: Jesse N. Bowen, Frederick G. Boyce, Jr., and Lee 
Daly, all of Baltimore. 

THE AMERICAN PHILOSOPHICAL SOCIETY 
h Ar the annual meeting of the American Philosoph- 
ail cal Society, held at Philadelphia on April 22, 23 
~ und 24, the following members were elected: 
wor Class I—Mathematical and Physical Sciences: Eric 
Bell, Pasadena, Calif.; Vannevar Bush, Belmont, 
mm ie James Franck, Baltimore; Ernest Orlando Law- 
| E jee, Berkeley ; Charles Edward Kenneth Mees, Rochester, 
nd BN. Y.; Otto Struve, Williams Bay, Wis. Foreign Nomi- 


nee: Werner Heisenberg, Leipzig. 

y: Class II—Geological and Biological Sciences: Thomas 
Barbour, Cambridge; Henry Bryant Bigelow, Cambridge; 
Herbert Spencer Gasser, New York; Ralph Stayner Lillie, 
Chicago; William Pepper, Philadelphia; Alfred Marston 

rided ozzer, Cambridge; Hans Zinsser, Boston. Foreign 

d of ie ominees: Sir Frederick Gowland Hopkins, Cambridge; 

Spemann, Freiburg. 

Class I1I—Social Sciences: Herbert Eugene Bolton, 

Re Berkeley; Edmund Ezra Day, New York; Herbert Funk 

boodrich, Philadelphia; Nathan W. Hayward, Philadel- 

splia; Samuel Eliot Morison, Boston; George W. Norris, 
philadelphia. Foreign Nominees: William E. Rappard, 
pi Receneva; Charles Rist, Paris; Harold William Vazeille 
tt MTemperley, Cambridge. 


On the oceasion of the celebration of Founders’ Day 
on June 1 at the University of Manchester, the honor- 
ary degree of doctor of science will be conferred on 
Sir Henry Dale, Nobel Laureate, director of the Na- 
tional Institute for Medical Research, Hampstead. As 
Previously announced, Sir Henry will address the 
Academy of Medicine of Washington, D. C., on May 
Sand will give the eighth Harvey lecture of the current 
id Series at the New York Academy of Medicine on May 
i. °). He will speak on the chemical transmission of the 
herve impulse from nerve to muscle. 
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Class IV—Humanities: William Scott Ferguson, Cam- 
bridge; Robert Frost, S. Shaftsbury, Vt.; Herbert Put- 
nam, Washington, D. C.; Edward Sapir, New Haven; 
Preserved Smith, Ithaca, N. Y.; John S. P. Tatlock, 
Berkeley. Foreign Nominees: Charles Marie Joseph 
Bédier, Paris; Sir Frederic George Kenyon, London. 


Officers reelected were: President, Roland S. Morris; 
Vice-presidents, Edwin G. Conklin, Robert A. Millikan 
and Henry H. Donaldson; Secretaries, John A. Miller 
and William E. Lingelbach; Curator, Albert P. Bru- 
baker; Treasurer, Fidelity-Philadelphia Trust Com- 
pany ; Executive officer, Edwin G. Conklin. Luther P. 
Hisenhart, Alfred N. Richards, John M. Scott and 
Edward Capps were elected members of the council. 


RECENT DEATHS 


Dr. LeRoy Witrey McCay, from 1892 to 1928, when 
he retired with the title emeritus, professor of chem- 
istry at Princeton University, died on April 13. He 
was seventy-nine years old. 


Dr. Rosert Heywoop FErnatp, director of the de- 
partment of mechanical engineering and dean of the 
Towne Scientific School at the University of Pennsyl- 
vania, died on April 24 at the age of sixty-six years. 


Dr. O. P. Hoop, who retired last June as chief of the 
technological branch of the Bureau of Mines, died on 
April 22. He wag seventy-one years old. 


Dr. Harry L. Hat, from 1925 to 1929 assistant 
professor of physiology at the Emory University 
School of Medicine, died on April 22 at the age of 
sixty-four years. 


Cares T. Ames, for thirty-one years director of 
the Holly Springs, Miss., Experiment Station, died 
suddenly on April 18. 


THE death at the age of seventy-three years is an- 
nounced of Professor Paul Janet, director of the 
School of Electricity, Paris, formerly professor of 
physies in the University of Paris. 


eu SCIENTIFIC NOTES AND NEWS 


Dr. WauTeR E. Garrey, professor of physiology at 
the Vanderbilt University School of Medicine, was 
elected president of the American Physiological So- 
ciety at the recent meeting at Memphis. 


Orricers of the American Society for Pharmacology 
and Experimental Therapeutics have been elected as 
follows: President, Professor A. L. Tatum, the Uni- 
versity of Wisconsin; Vice-president, Professor E. M. 
K. Geiling, the University of Chicago; Secretary, Dr. 
G. Philip Grabfield, Harvard Medical School; Trea- 
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surer, Professor Charles M. Gruber, Jefferson Med- 
ical College. Professor Paul D. Lamson, of the Van- 
derbilt University School of Medicine, was elected to 
succeed Professor E. K. Marshall, Jr., of the Johns 
Hopkins University, as editor of the journal of the 
society. 


At the St. Louis meeting of the American College of 
Physicians Dr. William J. Kerr, professor of medicine 
in the School of Medicine of the University of Cali- 
fornia, San Francisco, was named president-elect, to 
serve in 1938-1939. President-elect Dr. James H. 
Means, of the Harvard Medical School, was inducted 
into office as president, succeeding Dr. Ernest B. 
Bradley, of Lexington, Ky. It was voted to hold the 
twenty-second annual convention next spring in New 
York City. | 


Dr. RaupH E. CuELAND, professor of biology at 
Goucher College, is the first recipient of the John F. 
Lewis Award of the American Philosophical Societyy 
The award, consisting of a diploma and the interest 
from a fund of $10,000, established by Mrs. Lewis, 
will be given annually for the “discovery of a truth in 
the field of knowledge deemed to be of real signifi- 
cance.” 


THE John Phillips Memorial Medal of the American 
College of Physicians was presented to Dr. Richard E. 
Shope, of the Rockefeller Institute for Medical Re- 
search, at the St. Louis meeting. The medal was 
awarded to Dr. Shope for his research work on the 
virus which causes human influenza and its close rela- 
tionship to influenza in swine. 

THE National Institute of Immigrant Welfare pre- 
sented its annual awards to three “foreign-born citizens 
who have made significant contributions to American 
life,” at a dinner in New York City on April 22. The 
recipients were Henry Morgenthau, Dr. Ale’ Hrdlicka 
and Dr. Leo Hendrik Baekeland. The award to Mr. 
Morgenthau was for his public service; to Dr. 
Hrdli¢ka, curator of anthropology of the Smithsonian 
Institution, for his contributions to anthropology, and 
to Dr. Baekeland, “inventor of bakelite—a discoverer 
of resourcefulness and distinction,” for his services to 
science. 


THE first Albert Ketcham annual award was. con- 
ferred at the Chicago meeting of the American Society 
of Orthodontists on Dr. John V. Mershon, of Chicago, 
past-president of the society, who from 1916 to 1924 
was head of the department of orthodontia at the 
University of Pennsylvania. 

THe Comet Medal of the Astronomical Society of 
the Pacifie has been awarded to Leslie C. Peltier, of 
Delphos, Ohio, for his independent discovery of Wilk’s 
comet on February 27. 
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THE John Hunter Medal and Triennial Prize of 4, 
Royal College of Surgeons has been awarded to |, 
rence Frederick O’Shaughnessy, for his work on 
surgery of the thorax. 

Dr. ATHERTON SEIDELL, of the National Institut. y 
Health, U. S. Publie Health Service, has been pi 
moted by the French Government from the rank g 
chevalier to that of officer of the Legion of Honor, 


Dr. JAMES Bryant Conant, president of Haryyj 
University, has been elected to honorary membership j 


‘the Chemists’ Club, New York, N. Y. 


Dr. A. S. Eve, who retired two years ago as My 
donald professor of physics at McGill University, hy 
been made president of the newly organized Mobi 
Society of Great Britain. 

Dr. Louis F. Fressr, associate professor of chey, 
istry at Harvard University, has been promoted to; 
professorship. 

REcENT appointments of visiting professors at Yak 
University include: Dr. Robert H. Lowie, of the Ui 
versity of California, to serve as professor of anthn ii 
pology for the first term of 1937-38; Dr. Charles ¢ 
Seligman, professor of anthropology at the Londw 
School of Economies, as Bishop Museum professor of 
anthropology for the second term, and Joseph W. Rw, 
of New York University, as professor of industril 
management in the School of Engineering. 4 


At the University of Cincinnati, Dr. Charles \\ 
Moore, professor of mathematics, will fill the nevlyj 
established position of director of graduate studia 
in mathematics; Dr. Louis Brand, professor of mathe 
matics and head of the department of mathematis 
in the College of Engineering and Commerce, will lk 
chairman of the combined departments of engineerig Hi 
and of mathematics in the College of Liberal Arts; D.am 
Walter H. Bucher, professor of historical geology, wil 
become chairman of the department of geology wii 
geography, and Dr. Arthur G. Bills, since 1927 asst 
tant professor of psychology at the University of (i: 
cago, has been appointed professor of psychology at! 
head of the department of psychology in the College ¢ 
Liberal Arts. 

Dr. Joun N. Swan, head of the department of chet! 
istry at the University of Mississippi since 1915, bi 
ing reached the age of seventy-five years, will retit 
at the close of the present academic year. 


THE Chemical Foundation, Ine., of New York (ith 
has appropriated $5,000 in support of the researt 
work of Dr. Ernest 0. Lawrence, professor of physi 
at the University of California. 


Dr. Fox, director of the Adler Planetarius 
has been elected director of the Museum of Sciel* i 
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| Industry, Chieago, to fill the position left vacant 
the resignation of O. T. Kreusser, who recently 
ned the research staff of the General Motors Cor- 


oration. 

\erriLt BERNARD, hydraulie engineer, has been ap- 
pinted chief of the River and Flood Division of the 
_§, Weather Bureau, to fill the vacancy caused by 
fe death of M. W. Hayes. Mr. Bernard was with the 
1 S, Geological Survey from April, 1934, until June, 
935, on special hydrologic studies for the Mississippi 
Falley Committee, and with the Soil Conservation Ser- 
Bec of the U. S. Department of Agriculture from De- 
ember, 1935, until his transfer to the Weather Bureau. 


Dr. LisertY Hype Baruey, professor of agriculture 
meritus at Cornell University and director of the 
bailey Hortorium, has gone to Haiti, where he is mak- 
ing a collection of palms. 


Dr. HerBert Francis Marco, of the U. S. Forest 
Service, is spending several months at the New York 
Botanical Garden doing laboratory research in con- 
Fheciion with special studies in the breeding of forest 
ees, a work in which Dr. A. B. Stout is cooperating. 


' Dr. Etspon Dew and J. de Bruijne, of the South 
African Institute of Medical Research, left Johannes- 
Durg on April 6 to investigate blood groups among 
hative tribes in the two Rhodesias, Nyasaland, Tan- 
banyika, Kenya, the Anglo-Egyptian Sudan, Uganda 
and the Belgian Congo. They are traveling in a 
motor-caravan and will be away six months. 


Tue Edgar Fahs Smith Memorial Lecture will be 
riven at the University of Pennsylvania by Dr. Charles 
Si. Herty on Friday, May 21, at 8:15 p.m. He will 


rll on “Research the Guide for Sound Industrial 

Development.” 

Dr. FrepertcK professor of neurology at 

y and olumbia University, will give the address at the an- 

assis ANE initiation dinner of the Kappa Chapter of Sigma 

> (hifi at Columbia University on May 4. His subject 

y ao vill be “The Brain from Fish to Man.” 

gt Dr. Georce H. A. Ciowss, director of research of 
the Lilly Laboratories, will give the eleventh annual 

hens of Priestley lectures at the Pennsylvania State 


hare llege from May 4 to 7. His subject will be “The 
Chemical and Physical Characteristics of Cell Struc- 
ture and Function.” The Priestley lectures, inaugu- 
grated in 1926 by members of the faculty of the School 
of Chemistry and Physies, constitute a memorial at 


1931 Phi Lambda Upsilon, honorary chemical frater- 


Buity, has cooperated in the presentation of the lecture 
series, 


Dr. Leo Fropenrus, founder and president of the 
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Institute for the Morphology of Culture at Frankfort- 
on-the-Main, will give a lecture at the American Mu- 
seum of Natural History on May 5 at 8:15 p.m. He 
will speak on “Prehistorie Art in Africa.” 


JAMES A. G. Reun, curator of entomology and sec- 
retary of the Academy of Natural Sciences of Phila- 
delphia, addressed the Lancaster Branch of the Amer- 
ican Association for the Advancement of Science on 
April 29. The lecture was entitled “Hunting Animals 
in Africa.” 

Dr. Mapce THuRLOW Mackuin, of the University of 
Western Ontario, gave on April 15 the Catherine Mil- 
ligan McLane Lecture at Goucher College, Baltimore. 
Her subject was “The Inheritance of Disease and its 
Relation to the Practice of Medicine.” 


THE summer convention of the American Institute 
of Electrical Engineers will be held in Milwaukee from 
June 21 to 25. 


THE annual meeting of the American Pharmaceutical 
Association and its affiliated groups will be held in New 
York City during the week of August 16. 


THE twenty-fifth annual meeting of the Eugenics 
Research Association will be held at the American 
Museum of Natural History on June 5. 


THE annual meeting of the board of trustees of the 
National Park Association will be held on May 14 at 
the Cosmos Club, Washington, D. C. 


THE Museums Association of Great Britain will hold 
its annual meeting from July 5 to 9 at Neweastle-upon- 


Tyne. 


THE annual report of the Brooklyn Botanie Garden 
for 1936 records an attendance of nearly 1,600,000— 
an increase of 200 per cent. over 1926; an attendance 
of more than 54,000 in visiting classes from schools 
(increase in ten years, 44 per cent.), and an atten- 
dance of more than 67,700 at other classes and lectures 
—an increase of 146 per cent. Twenty-four pages are 
devoted to research in progress during the year. Of 
the year’s budget, 51 per cent. was provided from pri- 
vate funds income and 49 per cent. from the tax budget 
appropriation of New York City. For a number of 
years the trustees of the garden have provided 50 per 
cent. or more of the operating budget. 


At the twenty-fourth International Flower Show 
held in Grand Central Palace from March 15 to 20, 
the Brooklyn Botanie Garden installed an extensive 
exhibit of xerophytes, illustrating various ways in 
which plants meet the problem of drought. This 
exhibit included many plants from South Africa and 
various semi-arid regions. It was awarded the gold 


Of thy 
to Lay, 
On 
tute of | 
py. 
rank of 
nor, 
Larvay 
ship 
S 
Medi} 
chen. | 
at Yale 
Uni. 
unthro. 
rles 
| 
ssor of 
newly 
nathe. 
matics | 
‘jul, | 


426 


medal and a special cash award, also an award of 
The Botanic 
Garden also exhibited four specimens, in flower, of the 
Devil’s Tongue, Amorphophallus (Hydrosme) Rivieri. 


merit from the Garden Club of America. 


This exhibit, also, received a special award. 


THE International Cancer Research Foundation has 
awarded to the School of Medicine of Temple Univer- 
sity $6,000 to further the study started more than three 
years ago by Dr. Temple Fay, investigating the rela- 
tionships between body segmental temperatures and 
the incidence of malignancy. Clinical observation has 
indicated that sub-normal temperatures and tissue 
refrigeration tend to inhibit abnormal cellular growth. 
The committee to administer this fund is composed of 
Dr. Temple Fay, professor and head of the depart- 
ments of neurology and neurosurgery; Dr. Lawrence 


Weld Smith, professor of pathology, and Dr. William 
N. Parkinson, dean. 


ANNOUNCEMENT of the gift of two telescopes which 
have been added to the equipment of the department 
of astronomy at Radcliffe College has been made by the 


DISCUSSION 


SEDIMENTATION IN A SMALL ARTIFICIAL 
LAKE 


LakEs and reservoirs are often seriously affected by 
sediments which collect in them and which diminish 
their storage capacity. If erosion loss from the farms 
—sheet and gully wash—is not controlled, will sedi- 
mentation injure or destroy the work of the govern- 
ment in the great dams of the Muskingum Con- 
servancy District and similar projects? If the water 
storage capacity of lakes and reservoirs is being seri- 
ously decreased by sedimentation, can this sedimenta- 
tion be prevented or decreased? What factors are 
involved in the silting of reservoirs? These are some 
of the questions which may be raised in connection 
with observations of lake and reservoir silting. Obvi- 
ously, the answer to these and other questions must be 
made from data collected from a number of different 
_lakes and reservoirs. We, therefore, submit some 
observations taken in a small artificial lake in the hope 
that our observations, together with many other such 
observations, may prove of value. 

On the campus of Muskingum College there is a 
small artificial lake, which has an area of about 40,750 
square feet and a volume of about 410,000 cubic feet. 
In the fall of 1935 we made a study of the amount of 
silting which had taken place in the lake since its eon- 
struction in 1915. 

Before 1915 the site of the lake was occupied by two 
small streams which joined where the lake is now lo- 
cated. About 300 feet below the junction of these two 
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trustees of the college. One is a photographic teh 
scope made by Felker. The second is a Bausch »j 
Lomb four-inch visual refractor. Both telescopes, | 
mounted equatorially and have been erected in a guj 
observatory on the roof of Byerly Hall, the scia, 
building where courses in elementary astronomy y 
conducted. Advanced students are privileged to » 
the facilities of the Harvard University Observaty, 


Tue Printing Industry Research Association |, 
been founded in Great Britain for the purpox g 
supplying the trade with technical knowledge y 
only of type, paper and ink, but of the illustratjgiill 
processes most widely used—photo-engraving, ith 
raphy, photogravure. Bookbinding and box-makiy 
are also included. Printers vexed with problems ari 
ing from their work in any of these categories willy 
given specialist guidance on application to Pstyim 
House, the headquarters of the new association, whid 
is maintained by the printing and allied trades iil 
conjunction with the Government Department of {im 
entific and Industrial Research. The laboratories wii 
opened by the Duke of Gloucester on March 9. 


streams an earth dam, 150 feet long and 75 feet wik 
at its base, was constructed across the valley. Fors 
distance of 200 feet above the dam an area 150 fe 
wide was excavated for the purpose of forming a basi 
and in order to obtain earth for the dam. A vertical 
cement outlet which stands near the lateral center i 
the lake, 30-feet from the dam, has been provided t0 
take care of the overflow. ’ 

As the lake was constructed it is an almost perfui 
settling basin; the only materials which escape im 
particles so fine that they do not settle out. before thi 
water goes over the outlet and material in solution. 

A plane-table survey was made in order to obiuil 
a map upon which the data were placed and fr 
which the area of the lake was calculated. A silt mi 
was then used and the depth of the silt on the bed d 
the lake was determined as well as the depth of th 
water in the lake. 

A mechanical analysis of the sediment was 10 
undertaken, but note was made that where the tw 
streams enter the lake the material was of visill 
shape, while farther from the streams the sedimell 
was composed of fine material such as silt. 

The coarser sediment was naturally deposited whet 
the incoming streams dropped the heaviest portions ¢ 


tering the lake. While the total volume of this ty? 
of material is not as great as the volume of the fii 
materials the effect is more noticeable because of ‘i 
concentration of the material near the mouths of tl 
streams. At the mouth of one of the streams a dell 
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ich contains about 17,236 cubic feet of sediments 
been deposited since 1924. In 1934 a small island, 
mposed of about 1,200 cubic feet of earth, was con- 
Hucted as a nesting place for swans about 40 feet 
om the delta and directly in the path of the incoming 
cam. Since that date it has been connected to the 
Bita by deposits of sediment, mostly st “> and sand- 
ne, the particles of which range from one half inch 
inches in diameter. 

Beyond this coarse material a silt rod survey showed 
at the average thickness of the fine sediments which 
™ vered the bottom of the lake was 2.8 feet, while still 
}ther from the incoming streams, near the dam, the 
Myerage thickness was 2.4 feet. Computations of the 
™i;] amount of sediment on the bed of the lake indi- 
te that 102,800 cubic feet had been deposited between 
b15 and 1935. In 20 years the water-holding capac- 
v of the lake had been diminished 29 per cent. by 
ting. If we assume that the average weight of a 
Rbie foot of silt is 100 pounds, this would mean that 
er 5,000 tons of silt have accumulated in this lake 
ring the past 20 years. 

‘There are several factors which have effected this 
eposition; the most influential one is probably the 
eatment of the farms and fields which drain into the 
pke. The water-shed is a small typical southeastern 
Jhio area of about 207 acres. This area was mapped 
) 1935 by the Soil Conservation Service as to soil 
osion, slope and cover (cover meaning land use). 
lightly less than half of the area is the property of 
Muskingum College and is used as college campus. 
his campus, from the standpoint of soil cover, may 
e considered as pasture, with the exception of a small 
ea which is used as a baseball field and a small area 
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Tis unpastured woodland. Approximately 12 acres of 
water-shed are cultivated. 
WHE Most of the area is class 3 erosion. In most of this 
 BPticular area this would mean that from 4 to 7 inches 
bial? soil had gone down the streams and into the lake. 
fro Mere is one area of class 2 erosion, a small area in 
i fhich we found from 6 to 8 inches of top-soil remain- 
a Hg. There are no serious gulleys in the area and only 
the few small places where the top-soil is entirely gone 
nd the shaly sub-soil exposed. The soils of the area 
ne all Muskingum soils, that is, residual soils of sand- 
ive one and shale origin, with the exception of a poorly 
ib rained flood plain of about one acre in area, which is 
silty clay loam. 
In our analysis of the causes of deposition in the 
here ke we found that construction work had probably 


een infiuential in affecting the sedimentation. Since 
¢ lake was constructed in 1915 a series of tennis 
me ourts, a baseball field and a football stadium have 
in'mpeen constructed above the lake. All these have en- 


tule '.Cl28s 3 erosion is used to indicate land from which 25 
75 per cent. of the top-soil is removed. 


SCIENCE 


427 


tailed extensive excavations and it is reasonable to 
believe that the process of sedimentation was greatly 
accelerated during these periods. However, we do not 
feel that the wash from these areas was the dominat- 
ing influence in producing the sedimentation noted. 
The condition of the pasture fields, the campus and 
the cropped areas leads us to believe very strongly that 
sheet erosion and the small amount of gullying noted 
in the drainage area have had the greatest influence in 
producing the sediments which washed down the two 
small streams and settled in the lake. 

R. H. 

G. Ropert 

MUSKINGUM COLLEGE 


A NEW COLOR TYPE IN CABBAGE 

“COLORED bud” is a brief descriptive name of a 
character found in an inbred line of cabbage in 1935 
which to the writer’s knowledge has not been pre- 
viously described. Except for the light reddish purple 
color on the edge of the leaves of some plants, which 
may be the same as “sun color” previously described,* 
there is no external evidence that the terminal bud 
within the head is other than the usual white or pale 
cream in color. As the leaves are successively stripped 
away from the outside to the center, the leaf color is 
first green, then white (or cream) and finally pale pink 
or magenta. 

The pinkish color is most intense on the edges of 
the small leaves surrounding the terminal bud and 
varies from 41B2 to 41C3 in terms of the “Dictionary 
of Color.”? The color may be restricted to an area 
within one-half inch of the apex of the stem, or may 
extend over an area three inches in diameter surround- 
ing the terminal bud. Upon exposure to light these 
colored leaves as well as the white ones soon develop a 
deep green color which obscures the other color. 

The family in which this type first appeared com- 
prised 84 colored and 32 white bud plants. Since the 
writer is unable to continue work with cabbage the 
remaining stock of seeds of this and related families is 
being sent to C. H. Myers, of Cornell University, for 
work on inheritance of colored bud and its relation to 
other color types. In correspondence dated November 
2, 1936, Dr. Myers mentions the existence in his eul- 
tures of a type similar to the one described above. 

This color type appeared in the third inbred gen- 
eration from seed of a local variety of cabbage, pur- 
chased in the market place of Tashkent, Turkestan, 
U. 8. S. R., by W. E. Whitehouse and introduced in 
the United States under number P.I. 82649 of the 
Division of Plant Exploration and Introduction of the 


1 Roy Magruder and C. H. Myers, Jour. Agr. Res., 47: 
233, 1933. 

2A, Maerz and M. R. Paul, A Dictionary of Color, 
McGraw-Hill, New York, 1930. 
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Bureau of Plant Industry, U. 8. Department of Agri- 


Roy MAGRUDER 
U. 8. Frevp 
BELTSVILLE, MARYLAND 


MAGNESIUM SULFATE—A NEW 
INSECTICIDE 

Dr. V. R. Haaser discovered the insecticidal proper- 
ties of magnesium sulfate (Epsom salts) several years 
ago. His tests showed that MgSO, used as a spray, 
in the proper concentration, constitutes an effective 
control for the Mexican bean beetle (Epilachna cor- 
rupta Muls.). This spray has many advantages over 
arsenical sprays, in that it is easily applied, easily 
removed in preparing beans for cooking, and is harm- 
less to humans if ingested. 

Hawkins, in a paper on the wheat wireworm (Agri- 
otes mancus Say), finds magnesium sulfate and mag- 
nesium chloride toxic to this form.? 

The following work on grasshopper control by 
MgSO, is the outgrowth of Dr. Haber’s suggestion. 
Since there were neither time nor facilities to make 
complete tests, the results are only preliminary. 

Grasshoppers, confined in small insect cages, four 
per cage, were fed with bran baits made of bran, 
molasses and water, with MgSO, added for test groups. 
The control groups received the bait with no poison, 
while others received a 5 per cent. arsenic bran bait. 
The test groups received the standard bait with 5 per 
cent., 10 per cent., 15 per cent., 20 per cent., 25 per 
cent. and 30 per cent. MgSO, added. 

From comparisons of the mortality rates among the 
different groups, the following formula for a grass- 
hopper bait is proposed : 


per cent. to 65 per cent. 


MgSO, 20 to 95 
Wate. Enough to moisten. 


This formula seems to be just as effective as the 5 
per cent. arsenic bait, it is cheaper, and it is absolutely 
harmless to humans, cattle, swine and poultry or other 
birds. 

These results indicate that MgSO, may be an insecti- 
cide of value for the control of mandibulate insects. 


SPECIAL ARTICLES 


PHOSPHORESCENCE OF CELLS AND CELL 
PRODUCTS 
A Bopy which continues to give off light for a visu- 
ally observable period of time after exposure to radia- 
tion is generally said to be phosphorescent.-* Phos- 
1 Personal letter from Dr. V. R. Haber. 


2 J. H. Hawkins, Maine Agr. Exp. Sta., Bull. 381, 1936, 
p. 120. 
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As a spray, it could be used safely on many Vegetably 
and fruits, with little danger to humans and domegi, 
eated animals eating such foods. It is cheap, easly 
dissolved and should be compatible with other ing 
cides. Entomologists with facilities for testing Mg00, 
as an insecticide against mandibulate insects shoul 
attempt to determine its value in the control of gg 
forms. 

Housert W. Faring; 


Manze §S. Frings 
UNIVERSITY OF OKLAHOMA 


ANATOMICAL NOMENCLATURE 
Ar the annual meeting of the American Associatiq 
of Anatomists, held at the University of Toronto q 
March 26, 1937, Professor C. M. Jackson, chairman 
the Committee on Anatomical Nomenclature, made th 
following statement. 


An account of the establishment of a permanent Inty. 
national Commission on Anatomical Nomenclature wy 
published in the Anatomical Record, 1936, vol. 67, No,| 
pp. 1-6. This Commission adopted the NA system i 
nomenclature as the basis for revision, and requested thy 
any desired changes be submitted before September, 19%}, 
(The NA list was printed in the Anatomischer Anzeiga; 
Erginzungsheft zum Band 81, 1936.) 

Accordingly during the present year our American (um 
mittee has studied the question as to what changes shoul 
be proposed. Many difficult problems involvlj 
While the committee has not yet reached a final decisiogyy 
it has agreed upon some questions of general policy. 0 
is that in order to reconcile conflicting views it will ® 
desirable for the present to use synonyms for some of tlt 
terms, as (for example) many of those of position all 
direction. 

Any member of the Association may propose desitt 
changes in the terms listed by the NA, and our commitie 
would be glad to have these proposals for consideratitt 
As the time is short, any such proposals should be sid 
mitted promptly, with reasons therefor. It is hoped ti 
the final report of nomenclature with the recommeniigl 
changes can be formulated in time to submit it tot 
Executive Committee of the Association for review a 
criticism before it goes to the International Commissil 


Grorce W. Corner, 
Secretary 


phorescence of inanimate systems has been studi 
rather extensively ;? little attention, however, sect” 
have been paid to the phenomenon in cells and ed 
products. Thus while phosphorescence of tissues ™ 


1R. A. Morton, ‘‘Radiation in Chemistry,’’ 1928. 

28. E. Sheppard, ‘*Photo-chemistry,’’ 1914. 

Pringsheim, ‘‘ Fluorescenz und Phosphoresee™, 
1928, 
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soticed as early as the eighteenth century by Becchari, 
cho found that “ ... if a person shut up in a dark 
Boom puts one of his hands out into the sun’s light for 
, short time and then retracts it, he will be able to see 
ne hand distinetly and not the other”* no further 
study seems to have been made until 1933. In that 
ear Hoshijima® found that human bones, teeth, carti- 
jage, nails and dried tendons as well as certain abnor- 
al calcifications would phosphoresce following irra- 
vation with a Hanovia quartz mercury lamp, while 
s number of tissues did not. 

To determine whether the property of phosphores- 
rence is wide-spread, various materials of biological 
prigin were irradiated, at one centimeter distance from 
ithe edge of the tube, for ten-second intervals, with a 
mercury-argon discharge tube (emitting radiations, of 
which some 85 per cent. are of 2537A),° and the life 
mo{ visible phosphorescence was observed with the 20- 
utef—g) minute dark-adapted eye and recorded. Three to 
Wine trials were made with each object and three sub- 
‘0. MMB ects took part in the studies. In all cases the after- 
glow can readily be observed, even if the period of 
irradiation is reduced to one second or less, but it is 
more difficult to compare the life of visible phosphores- 
cence in many of the materials; therefore the longer 
period was used throughout. 
rou It was found that while frog cornea, lens, stomach, 
kidney, musele, blood and skin of the back showed no 
siotmmobservable phosphorescence, the skin of the belly of 
OWE the frog and the skin of the back as well as the palm 
I WEE of the human hand emitted light for two to four see- 
onds after irradiation. All the tissue products studied 
showed phosphorescence. Chitinous material (Limu- 
lus exoskeleton), silicious material (glass sponge) and 
ita cllulose materials (wood, leaves and flowers of sev- 
kinds) showed short-lived phosphorescence. 
sbjmme lorny materials, such as human finger nails, bird bills 
feathers (pelican) and a spongin sponge phos- 
nl phoresced for as long as ten seconds or more. Cal- 
) WEE careous materials, such as bones, shells (of mollusks) 

and teeth showed very long-lived phosphorescence (20 

to 25 seconds), and strangely enough bean seeds phos- 
BPhoresced for almost as long a time. In general, it 
'y Mm"ay be concluded that tissues show little or no phos- 
Be Plorescence, but compact tissue products may be 

highly phosphorescent. 

Live human teeth showed about the same life of 

| phosphorescence as did dead teeth from the same indi- 

vidual; apparently the living constituents of the teeth 
im ‘ve little to do with the after-glow in this case. 


‘E. Darwin, Botanic Garden,’’ p. 181, 1801. 
an Hoshijima, Sci. Pap. Inst. Phys. and Chem. Res. 
okyo (a) 20: 109; (b) 21: 15 (1933). 
| °W. G. Leighton and P. A. Leighton, Jour. Chem. Ed., 
12: 139, 1935 
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To determine which wave-lengths of light were effec- 
tive in producing phosphorescence, several objects 
were irradiated with monochromatic light obtained by 
passing the radiations of a quartz mercury are through 
a natural quartz monochromator. The intensity of 
the light was measured with a thermopile and gal- 
vanometer. The apparatus has been described in de- 
tail elsewhere.?’ The materials were irradiated and 
observed in the same manner’ as in the first set of 
experiments. It was found that very intense yellow 
light (5844A) excited no phosphorescence of teeth, 
bones and cotton, while blue (4350A) and violet 
(4050A) light of fair intensity induced just percep- 
tible phosphorescence. All the ultra-violet wave- 
lengths tried excited phosphorescence, the shorter 
being most effective despite their low intensity; for 
while the intensities at 4’s 3660, 3130, 3025, 2804, 
2654 and 2537A were, respectively, 11.1, 8.5, 6.0, 1.0, 
2.1 and 1.9 times the intensity at 2804A (12.54 
ergs/sec./mm?), the afterglow for the wave-lengths 
3130 and shorter was 2 to 3 times that at 3660A for 
teeth and generally somewhat longer, when not mark- 
edly so, for cotton and bone. Thus the short ultra- 
violet is most effective, the long much less so and the 
visible region least effective in exciting phosphores- 
cence in the objects tried. 

There are two main groups of phosphorescent mate- 
rials: (1) organic, materials, such as dyes, of which 
Sheppard® says: “ . . . all organic bodies possessing 
marked absorption bands in the ultra-violet seem 
capable of fluorescence in the dispersed medium or 
phosphorescence in a condensed condition, when ex- 
cited by radiant energy of sufficient frequency”; (2) 
inorganic satis, such as the classic Lenard phosphors 
consisting of ZnS and CaS containing various metals 
as impurities. Some organic materials of biological 
origin such as starch and glucose, tested here, and 
gelatin, tested by Hoshijima,® even when chemically 
pure, show considerable phosphorescence. On the 
other hand, bone washed free of salts with HNO, is 
no longer phosphorescent.’ In this case the inorganic 
salts are probably the phosphorescent agents. It is 
probable that both types of materials are responsible 
for biological phosphorescence, the constituent of 
greatest activity in any given case depending upon the 
composition cf the material. 

A. C. GIESE 
P. A. LEIGHTON 
STANFORD UNIVERSITY 


7A. C. Giese and P. A. Leighton, Jour. Gen. Phys., 18: 
557, 1935. 

8 §. E. Sheppard, ‘‘ Photo-chemistry,’’ p. 413, 1914. 

9S. Hoshijima, Sci. Pap. Inst. Phys. and Chem. Res. 
Tokyo, 20: 109, 1933. 

10 Ibid. 
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THE CHEMORECEPTORS OF CERTAIN 
DIPTEROUS LARVAE 


In spite of the frequency with which the larvae of 
such dipterous insects as the blow-flies are used in 
experimental work, the correct assignment of function 
to certain of their sense organs is seldom made. The 
- most conspicuous of these organs are two pairs which 
are located in papillae on the oral lobes. Each organ 
consists of a compact ‘group of cells connected by a 
relatively large nerve to the larval brain and com- 
municating with the exterior at the end of the papilla. 
The first mention of these which has been found in the 
literature was made by Newport, who, in a descrip- 
tion of the larva of Oestrus ovis, called them “organs 
of vision.” From their position and structure Weis- 
mann? later ascribed to them the sense of touch, and 
recently, in a study of the structure and development 
of Drosophila, Strasburger® holds this same view. In 
his monograph on Calliphora Lowne* speaks of them 
as “eye-like organs,” and it is to his description that 
reference is most often made. Hewitt® states that they 
are the only obvious sense organs found on the larva 
of the house-fly, Musca domestica, and concludes, 
“Judging from their structure the organs appear to 
be of an optical nature, and this is the usual view 
which is held with regard to their function.” 

With few exceptions, notably Patten® and Crozier 
and Kropp,’ most investigators who have used blow-fly 
larvae in studies of their responses to light have 
accepted these earlier decisions, based entirely on 
anatomical studies, that the organs on the oral lobes 
are the photoreceptors. The work of Pouchet® has 
been almost completely overlooked, and unfortunately 
so, since he showed in a series of simple convincing 
experiments that these organs in question could not 
be the only light receptors, for, when they were de- 
stroyed by cautery, the larvae still reacted normally to 
stimulation by light. 

The experiments performed by Pouchet have been 
repeated on Lucilia sericata with similar results. 
These organs are certainly not the photoreceptors of 
blow-fly larvae. Are they organs of touch or do they 
serve some other function? The results of the follow- 


1G. Newport, ‘‘Insecta.’’ Todd’s ‘‘Cyclopedia of 
Anatomy and Physiology,’’ London, 1836-39. 

2A, Weismann, Zeitschr. f. wiss. Zool., 14: 187, 1864. 

3 E. H. Strasburger, ‘‘ Drosophila melanogaster Meig, 
Eine Einfuhrung in den Bau und die Entwicklung.’’ 
Julius Springer, Berlin, 1935. 

4B. T. Lowne, ‘‘The Anatomy, Physiology, Morphol- 
ogy, and Development of the Blow-fly.’’ Vol. I, R. H. 
Porter, London, 1890. 

5G. G. Hewitt, Quart. Jour. Micro. Sci., 52: 495, 1908. 

6B. M. Patten, Jour. Exp. Zool., 17: 213, 1914. 

7W. J. Crozier and B. Kropp, Jour. Gen. Physiol., 18: 
743, 1935. 

8 G. Pouchet, Rev. et Mag. de Zodl., Sér. 2, 23: 129 and 
225, 1871-72. 
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ing experiment answer this question. Three pai 
filter flasks were connected by way of their side» 
and a piece of decaying meat placed in one memby 
each of two pairs. Larvae were introduced jnj) 
other member of a pair; the flasks were stopperej, 
left in the dark for one hour. A count was then 
of the larvae in each of the flasks. Table 1 gin 
summary of the results of five separate tests: 


TABLE 1 


Larvae with 
oral papillae 


Normal Norm 
removed 


larvae larva 
2 4 5 
(food) (food) 


Distribution of larvae 
at beginning of 
70 0 70 0 70 | 


at the end of tests. 6 64 50.3% 50 ¥ 


The great majority of the normal larvae passed ig 
Flask 1 to Flask 2, presumably being attracted ty 
by the odor from the meat. Only eleven of the sevg 
larvae with the receptors in question destroyed pag 
from Flask 3 to Flask 4, and this perhaps by chay 
for in the control with normal larvae and no mea 
the second flask twenty larvae wandered through 
connecting passageway and were found in Flas 
where there was nothing to attract them. 

Thus it appears that at least one pair of thet 
pairs of sense organs on the oral lobes of Luciliay 
cata is olfactory in function. There is some evide 
from their structure that the two pairs do not # 
the same purpose. The more dorsal ones have a4 
tral cavity with a valve-like structure guarding 
opening of each to the exterior. The ventral org 
are solid and the ends of the elongated sensory & 
protrude through the opening in the papilla in sud 
manner that they may come in direct contact with 
substrate. It is possible that the dorsal organs! 
olfactory and the ventral ones gustatory, altho 
there is no experimental proof that this is the cas 

The photoreceptors of blow-fly larvae remain ti! 
identified. The cauterizing of various parts of 
oral lobes and segments of the so-called “head” if 
not affect in any marked way the response to lig 
It is possible that the photoreceptors are scatid 
throughout the head region and that it is difficult 
eliminate them all without serious injury to the lam 
Viallanes® described and figured a complex netw 
of nerve cells lying under the hypodermis of dipte 
larvae, and in addition occasional groups of “ 
which he termed “peripheral ganglia.” In cross § 
tions of the anterior end of Lucilia sericata ! 
clusters of sensory cells have been found, located! 
on either side of the prothorax. Their positi0! 


9H. Viallanes, Ann. Sci. Nat. Zoél., Sér. 6, 14: 1,8 
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that they might well be concerned with light 
tion, but carefully executed experiments will be 
sary in order to make this matter certain. 
JoHN H. WELSH 
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pLOGICAL LABORATORIES 
ARVARD UNIVERSITY 


DISCOVERY AND IDENTIFICATION OF 
A NEW PURINE ALKALOID IN TEA 

S. the N-methyl derivatives of 2,6,8-trioxypurine I 
etically possible have been prepared synthetically, 
ve have to-day a very complete knowledge of their 
istry. Emil Fischer and Heinrich Biltz, with the 
boration of many coworkers, are the two investi- 
rs who have contributed the most to our present 
ledge of the chemistry of these purines and their 
atives. 


H—CO CH,N—CO 


bo bn CH, 


| Noo | | Noo 
H NH’ CH, NOH,’ 
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SCONDENSER DISCHARGE STIMULATOR 

FOR PHYSIOLOGICAL PURPOSES 

HE stimulator described in this report has been 
pned for the determination of the adequate shape 
duration of current pulses used as stimuli on the 
bral motor cortex.t It has been found a useful 
ce for general stimulation experiments wherever 
hitempt is made to gain more information about 
excitable structures responsible for a certain effect. 
Iso provides for a selective stimulation? in mixed 
pheral nerves or in mixed tracts or centers within 
central nervous system. 

he set-up is based on the principle of condenser. 
harges adapted to the relatively low resistance of 
tissue to be stimulated through a single-stage 
er amplifier. It allows stimulation with alternat- 
single or double condenser discharges whose dura- 
, W¢., time constant, can be changed over a wide 
Prange (from .01 to 100 or 1000 milliseconds) 
meout any change at all in the amplitude (peak in- 
sity) of the discharges. The stimulating voltage, 
f° 10 or 20 volts, is led off from a potentiometer 
-000 ohms maximum resistance. Any influence 
he stimulating cireuit upon the time constant of the 
lenser system is excluded. 


f the t 
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rding 


ata | 

0. A. M. Wyss and 8. Obrador, Am. Jour. Physiol. 
ated | Dress (1987),> 
sitiot ABO. A. M, Wyss, Schweiz. Arch. f. Neur. u. Psych., 28: 


1932. 
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The occurrence of 2,6,8-trioxypurine as a product of 
purine catabolism in both the animal and plant king- 
doms has been demonstrated conclusively, but, so far 
as the writer is aware, no N-methyl derivative of the 
purine I has, thus far, been shown to occur in nature. 
The author now presents this short note to report 
that the tetramethyl-2,6,8-trioxypurine represented by 
Formula II oceurs in the mixture of purine alkaloids 
extracted from tea. It has been separated in a pure 
condition from such extracts, and has been shown to be 
identical with 1,3,7,9-tetramethyl-2,6,8-trioxypurine II 
(tetramethylurie acid), which was first described by 
Emil Fischer! in 1884. Just as soon as proper and 
sufficient experimental material becomes available for 
the continuation of our plant extract researches, it is 
the intention of the author to search for this alkaloid 
and other N-methylated purines in the purine extracts 
of coffee and other plants. The results of this re- 
search program will be discussed in future papers to 
be presented for publication in the Journal of the 
American Chemical Society. 

Treat B. JOHNSON 

YALE UNIVERSITY 


IENTIFIC APPARATUS AND LABORATORY METHODS 


From a source of potential A two condensers C and 
C* of different capacities are charged by make of K 
over two identical resistances R and R' to the same 
voltage, and they discharge over the same two resis- 
tances and a common resistance S, low in comparison 
with R and R', when K is opened. The resulting 
potential wave between x and y has its shape and 
direction determined by the ratio of one capacity to 
the other. It represents an ordinary condenser dis- 
charge if one condenser is disconnected, and a double 
condenser discharge (see*) if both condensers are 
placed in the cireuit. Any such potential wave be- 
tween « and y causes in the plate cireuit of the 
amplifier tube AT (Cunningham 2A3) a current wave 
of identical shape. The resting plate current of AT 
is compensated by another similar tube CT with ad- 
justable heater resistance. Equilibrium between the 
two tubes, i.e., absence of potential between the ends 
of the potentiometer p, is controlled by a high resis- 
tance galvanometer v. Both halves of the poten- 
tiometer are divided into twenty intervals of 50 ohms 
each. Provided that the stimulating current is always 
led off from two symmetrical steps on the correspond- 
ing halves of the potentiometer, the current in the 
stimulating cireuit is only due to, and directly pro- 


1 Emil Fischer, Ber. 17: 1784 (1884); also Ber. 30: 
3009 (1897). 
3 Idem., Pfliiger’s Arch., 233: 754, 1934. 
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portional to, changes in the plate current of AT; its 
shape, therefore, is that of the potential wave between 
x and y. 

For double condenser discharges the most convenient 


ratio between C and C* has been found to be 2 to 1 


(see*). The resulting peak potential between x and y 
reaches then 25 per cent. of the applied voltage A, 
whereas for single condenser discharges the full poten- 
tial appears between these two points. Therefore, 
from a dry cell battery used in A, 36 volts were picked 
out for double condenser discharges and 9 volts for 
single condenser discharges. The condensers C and C1 
are variable from .001 to 1, or very slow current 
waves, 10 microfarads.* With two pairs of identical 
resistances for R and R', of 10,000 ohms and 100,000 
ohms, respectively, a range of time constants as wide 
as 1 to 10° can be covered. The resistance S has to be 
kept as low as possible; a few hundred ohms are 
negligible, even with 10,000 ohms in R and R'. 

The duration of the single current pulse is deter- 
mined (a) for single condenser discharges by the time 
constant: resistance Rx capacity C, and (b) for 
double condenser discharges by the duration of the 
rising phase which is equal to 0.7 x R x C, C being the 
greater capacity (C=2 C*). The time values are 
obtained in seconds if R and C are expressed in ohms 
and farads, respectively. If, therefore, for R and R? 
two pairs of resistances of either 14,500 or 145,000 
ohms are used, the duration of the rising phase of the 
double condenser discharge is directly given by the 
number of microfarads of the greater capacity, one 
microfarad corresponding to 10 or 100 milliseconds, 


4 Decade condensers of General Ralio Company, Cam- 
bridge, Mass. 
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respectively. The full wave duration is approxima 
five times the rising phase, which has to be consider 
if repetitive stimulation is used. In the latte, . 
the ordinary contact key K has to be replaced by a 
automatic commutator. 

Oscar A. M. Wyg, 

LABORATORY OF PHYSIOLOGY 
YALE UNIVERSITY 
ScHOOoL OF MEDICINE 


A METHOD FOR OBSERVING THE LOwsp 
SURFACE OF SMALL OBJECTS 
WHERE a simple device for examining the lower sy 
face of small objects under the dissecting microscope i 
needed, a mirror may be used as a supplementary 
stage. The upper surface of the object can then hg 


viewed by reflected light in the usual way, or by racking 


the microscope down twice the thickness of the mirror 
the image of the lower surface of the object may i 


brought into focus. The object itself rarely causes any 


trouble while viewing the image; as, if the mirror is of 
adequate thickness, the object wili be out of the ling 
of vision and out of focus, often being entirely in: 


visible. For the lower magnifications, where the objef 


tives have a great depth of focus, the thickness of th 
mirror may need to be increased either by adding 
supplementary glass plate or by raising the slide abov 
the mirror on plasticene legs. This device, which 
doubt has been repeatedly used, has several advantages 
namely, the cheapness and availability of the matecial; 
the excellence of the illumination; and the speed ani 
ease of changing views without the necessity of touch 


ing the slide or removing the hand from the focusingj 


adjustment. 
Raupu J. Barer 
UNIVERSITY OF ARKANSAS 
ScHOOL OF MEDICINE 
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